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Delustering of Shaped Polyamide Structures 



We, E. L Du Pont De Nemouks and Com- 
pany^ a corpoErarioa organized and existing 
under the laws of the Static of Delaware, 
United States of America, located at Wflming- 
5 ton 98, State of Delaware, United States of 
Anierica ^ do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 

10 by the following statement: — 

This invention relates to synthetic linear 
polyamide shaped structures and more parti- 
cularly to delustered polyamide yarns having 
unproved light-durabifity. 

15 Unpigmented yarns made from synthetic 
linear polyamides are somewhat more light- 
durable than the earlier man-made fibers, such 
as viscose rayon and cellulose acetate, con- 
siderably more hght-durable than the contjnu- 

20 ous natural fiber, silk, and more nearly like 
the natural fibers linen and cotton in this res- 
pect. However, the addition of even minor 
amounts cf many desirable titanium dioxide 
pigments as a delustering agent may appreci- 

25 ably reduce the light durability of the synthetic 
linear polyamide yarns. Furthermore, the addi- 
tion of titanium dioxide delusterant in larger 
amounts up to 5% or 10% to, obtain yarns 
having particular properties desirable for cer- 

30 tain end uses, results in synthetic linear poly- 
amides which degrade quite rapidly under cer- 
tain conditions of light exposure. 

Many end-uses for textile fibers require good 
ligfrt durability as well as the appearance and 

35 property characteristics which are achieved 
only through the addition of apprciable quanti- 
ses of a delusterant such as riianiVm dioxide, 
either to the synthetic linear polyanride prior 
to the f crmation of the fiber or to the surface 
40 of the finished fiber. Prior to the advent of 
tins invention, it was generally impossible to 
achieve a suitable level of light " durability 
simultaneously with a high delustering effect in 
synthetic linear polyamide yarns. 
45 In general, the delustering agents useful in 
synthetic linear polyamide yarns are prefer- 
ably finely divided materials such as pigments, 

[Price 3s* &Lj 



which have a refractive index differing from 
that of the polymer, which are incompatible 
therewith and which are inert thereto. The 50 
term " incompatible " is used with reference to 
such agents to indicate that the finely divided 
material is insoluble in the^polyiner at ordiiiary 
temperatures and forms a separate phase there- 
from. For proper delustering, the added agent 55 
must be in a finely divided state and be so 
distributed throughout the polymer surface or 
fiber surface in order not to impair the con- 
tinuity of the polymer or destroy its fiber 
quality. J 

The useful delusterants have an index of 
refraction which is different, Le., lower or 
higher, from that of the polymer. The refrac- 
tive index of the synthetic linear polyamides 
is approximately 1.55. Tne difference in refrac- -55 
tive index between, the delusterant and the 
polymer should be at least 0.05 and preferably 
mere than 0^ The most useful delusterants 
are those showing the greatest difference from 
the polymer. Titanium dioxide is particularly 70 
adapted for this use because of its high refrac- 
ave index of 2.5 to 2.9, in compatibility with 
synthetic hnear polyamides, low cost and avail- 
ability. 

- : .Jkis^ah^ 

light-durable delustered yarn of Whetic 
linear polyamide which has been delustered 
with ^titanium dioxide^rigment. Other objects 
of the ^invention will become apparent from 
the following description and claims. ftn 

It has now been found that shaped 
synthetic hnear polyamides structures de- 
lustered with a pigment comprising 
an active oxide (hydrated oxide and/or 
oxide) of cenum chemically deposited without Ri 
subsequent calcination on finely divided 
titanium oxide, have remarkably improved 
res^tance to light degradation as compared 
with synthencOinear polyamide structures such 
as yarns delustered with ordinary titanium di- 
oxide delusterants. 

In the drawing, which is a graph showing 
me unexpected hrorovement in light-durability 
of the delustered polyamide yarns of this inven- 
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tion in comparison "with polyamide yams delus- 
tered with the titanium dioxide pigments of 
the prior art 
Curve 1 shows the percent of the original 
5 tenacity of 70 denier nylon yarn, delustered 
with 2% of conventional anatase titanium di- 
oxide, which remains after Weather-Ometer 
exposures of different durations, 

Curve 2 is a similar sho^fog; for otherwise merely illustrative and not limitative. 
10 identical yarn ddustere2 ^ with £ modified 



The invention will be more readily under- 
stood from the following examples which show 
the surprising improvement in li^it-durability 
of polyamide yarns delustered in accordance 
with this invention as compared with yarns 70 
delustered with prior art titanium dioxide pig- 
ments. Methods for preparing the delusterants 
of this invention detailed below are, of course, 



yarn aeiusterea with a 
titanium dioxide pigment prepared by mixing 
finely divided titanium dioxide and hydrated 
cerium oxides. 
Curve 3 is a similar showing for otherwise 
15 identical yarn delustered with a pigment pre- 
pared by precipitating titanium and aluminum 
oxides on finely divided titanium dioxide as 
described in Example 5, 

Curve 4 is a similar showing for otherwise 
20 identical yarn delustered with a pigment pre- 
pared by treating finely divided "titanium di- 
oxide with cerous acetate as described in 
Example 6, and 

Curve 5 is a similar showing for otherwise 
25 identical yarn delustered with a pigment pre- 
pared by precipitating hydrated cerium oxides 
on finely divided titanium dioxide as described 
in Example 1. . 

This pigment modification may be achieved 
30 as follows:. Any of the ordinary titanium di- 
oxide pigments of the trade, normally useful 
for yarn delustering purposes, is -suspended 
in an aqueous medium whjglij ^tidified to a 
jgj[aju e_qf abo ut 3. A solu^ c enug^galt 
35 is then added lEid an active fornT"oF ceriurn" 
ion is precipitated as a mixed hydroxide or 
hydrated oxide or basic salt on the dispersed 
particles of titanium dioxide. After filtering 
and drying, the resulting pigment can be used 
40 as such or, if desired, the modified pigment 
can be comminuted before used. If desired, 
any cerium compound in the form of a 
hydroxide or basic salt on the titanium dioxide 
particles may be converted to. the oxide by a 
45 suitable heat treatment, provided that the tem- 
per tures are kept weU.-belaw--the usual calcine ~ 
ing temperatures; following this heating, com- 
minution may be necessary. Still another 
method for producing these modified deluster- 
50 ants is by impregnating the calcined and 
ground titanium dioxide with a nitrate or simi- 
lar salt of cerium, followed by a moderate 
heat treatment to convert said salt into the 
insoluble oxide. Any of these treatments may 
55 be accomplished with an appropriate salt or a 
mixture of compounds of cerium. 

The calcined comminuted titanium dioxide 
useful in the invention may consist of titanium 
dioxide in any of its crystalline forms such as 
60 rutile or anatase. This material may likewise 
consist of any of the many titanium dioxide 
compositions resulting from the coprecipitation 
of various metal hydroxides with titanium 
hydroxide followed by the usual drying, cal- 
65 cinjng. and grinding operations. 



Example 1 75 
Twenty parts by weight of finely ground 
titanium dioxide were suspended in 100 parts 
by weight of a solution containing 0.66 parts 
eerie bisulfate which is equivalent to 0.22 parts 
cerium oxides calculated as Ce0 2 . The mix- 80 
ture was agitated continuously for~60 minutes, 
after which the pn of the solution was raised 
slowly to 8 by the addition of ammonium or 
sodium hydroxide. At/>H 8, cerium oxides were 
precipitated on the Ti0 2 particles in suspen- 35 
sion. Some 50% of the water of the mixture 
was removed by filtration, and the filter cake 
was twice reslurried in fresh water in order to 
wash away water-soluble - salts. The 
washed pigment was dried at 100° C. and 90 
ground. 

Example 2 
Twenty parts by weight of finely ground 
titanium dioxide were suspended in 100 parts 
by weight of a solution containing 0.75 parts 95 
cerous nitrate which is equivalent, to 0.3 parts 
ceria. The temperature was. raised to 60" C. 
under continuous agitation and the agitation 
continued far 60 minutes at 60° Q The 
water was filtered off and the wet cake put jq( 
into an oven at 200° C. for -18 hours to con- 
vert the cerous nitrate to the cxides of cerium. 
When analyzed, the pigment was found to 
have a cerium content of 1 % by weight cal- 
culated as CeO = . The 50;'o excess originally jq* 
present had been lost-in the filtrate apparently. 
The heat-treated pigment was next ground to 
a suitable fine state for use as a delustering 
agent. 

~ ~ - Example 3 m 

A portion of the washed pigment from 
Example 1 was calcined in the usual manner 
at red heat (800—1,000° C), cooled, and 
ground. As shown in Example 9 this pigment 
was not better than conventional anatase tita- lj; 
nium dioxide. - 

Example 4 
The pH of 100 parts by weight of a solu- 
tion containing 2.1 parts eerie bisulfate (equi- 
valent to 0.7 parts cerium oxides calculated as \2i 
CeO £ ) was slowly raised by adding sodium 
hydroxide sclution while agitating vigorously. 
At pH 8^ cerium oxides were precipitated. Most 
of the water was then removed by filtration 
and the filter cake was twice reslurried in fresh 12! 
water to wash away the water-soluble salts. 
The cerium oxides were next slurried in with 
20 parts of finely ground calcined titanium di- 
oxide under vigorous agitation, the mixed 



pigment filtered, and dried at 100° C As 
shown in Example 10 this method of prepar- 
panng a cerium-modified titanium dioxide pie- 
mcnt is not effective. p 8 

S Example 5 

Ai titanium dioxide pigment possessing; me 
crystal form of anatase and prepared bya sul- 
fate mocess was held in the form of a finely 
.a Sl!* d - aque0US suspension. The pigment 
10 pension was treated with solutions ccmtain- 
mg 3 parts of dissolved TiO. and 2 parts of 
dissolved A1A for each 100 parte oy^dght 
of pigmentm the suspension." The titanium 

15 a titanium hydrolyzate in sulfuric acid, while 
the aluminum was dissolved by means of alkali 
and was in the form of sodium aluminate. The 

Th^™?- Sdut } 0n was 6181 odfcd, followed hy 
the sodium aluminate and the *h of the sus- 
20 pension was then adjusted to th£ neutral point 
wiA anmonium hydroade. The resulting pig- 

ptoses of this invention, as shown by Exam- 
™ Sf if? thls .* reat ment witfa.tittnium.salt is in 
25 no way equivalent to treatment with a cerium 

Example 6 

n t 1 100 P sttts of a slurry containing 20 parts 
an ^lf^ Und T m t Ti0 * 0.02 parte of 
30 »^T,? 3 I°^ 0sphate 38 me dispersing agent 

were added 0.8 parts of cerous acetate hVdrate 

St calculated 4^ 

04 Pans of Ce0 2 . This slurry was used 

« JL?? P"**? 31 "* of delustered polyhexa- 

35 methylene = adipamide according to die pro- 
cedure mdicated below. The slurry could be 
fihered and me paste obtained therefrom also 
employed in this delustering step. . This indi- 
cated that an appreciable portion : of the water- 

40 soluble cerous acetate had been absorbed on 
the manium dioxide and was not removed in 
the filtenng step. Apparendy me cerous ace- 
tate under the rigorous conditions of poly- 
menzmg the polyamide is dissociated into the 

45 oxides of cerium and into acid which is picked 

u f J*--** -polyamide^e-be«efieiat-en«ct * 

of me cenum added in mis way was consider- 
ably less pronounced than in Example 1 as 
shown in Examples 8 and 12. The addition of 

50 cerous acetate solution alone to an already 
delustered polyamide-forming composition was 
without beneficial effect 

Example 7 

« re , psats rf a sluti y containing 20 parts 
55 of finely ground anatase TiO, and 0.02 parts 

cf sodium pyrophosphate as a dispersing agent 

were added 0.4 parts of cerous aceratehydrate. 

This slurry was used to deluster pdyhexa- 
„ methylene adipamide as described^Example- 
60 li. This example again serves to demonstrate 

that tins method of adding cerium to the TiO. 

is not as efficient as the previously described 

methods. Here the cerium was eauivalent to 

O.Z parts calculated as CeOg. 
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In the preparation of the delustered fila- 
ments of this invention from polyamides, it is 
usual to deluster according to the process des- 
cribed in British Patent Specification No. 
554,718, the polyamide being prepared as des- 
cribed in British Patent Specification No. 

y? 5 ' Tte resu lti°g polyamide is converted 
to flake form as described in British Patent 
Specification No. 533,306. The nylo^'poly- 
nexamsthylene adipamide, has been chosen to 
represent the polyamides since this material 75 
is currently of greatest importance commer- 
cially. Filaments and yarns of this representa- 
tive polyamide, delustered with pigments pre- 
pared as described above, were prepared by 
melt spinning with an apparatus of die Green- 80 
^32? as dfcclosed in U.S. Patent No. 
iT- ■ I Z:' a*" 1 b y drawing as described in 
British Patent Specification No. 543,466. 

Example 8 

Two parts by weight of the pigment pre- 85 
pared m Example 1 were incorporated intolOO 
- parts of polyhexamethylene adipamide and the 
delustered polymer converted into 70 denier, 
34 filament yarn as described above. Analysis 
3 zSJSS 1 !" "P?* col "ent gave the value on 
of 0.022% by weight calculated as CeO,. On 
testing m the Weather-Ometer, this yarn lost 
approximately 85% of its tenacity in 1,000 
hours, compared to 130 hours for yarn delus- 
tered with an equivalent proportion of anatase 95 
Ti0 2 (Curves 5 and 1 of the drawing). Simi- 
ttrly, in outdoor exposure the yarn containing 
this cenum-modified titanium dioxide lasted 
more than 22 weeks, compared with 14 weeks 
tor the equivalent yarn containing inn 
anatase titanium dioxide. The pigment of 
Example 2 produces a like result. 

Example 9 
A nylon yam identical with that of Example 
8, except that the delusterant was 2% anatase 105 
uranium dioxide, was prepared under the same 
conditions. When tested in the Weather- 
~Gmeter;-diis" yam lost 100% of "its original " 
tenacity in 190 hours (Curve 1 of the draw- 
ing). When tested outdoors, it tost 100% of nn 
its tenacity in 14 weeks. No different results 
were obtained when 2.3 % of the calcined pig- 
ment of Example 3 was used instead of the 
anatase titanium dioxide pigment 

Example 10 115 
A nylon yarn identical with that of Exam- 
Pie 8, incorporated the delusterant of Example 

wV^iS™^ tesrin ° in Ae Weather-Ometer 
lost 100% of its tenacity in 250 hours (Curve 
t ot the drawing), hence showed scarcely any i?n 
improvement over the control yanTdelustered 
with anatase titanium dioxide. 

Example 11 
A nylon yarn identical with mat of Example 
&, mcorporated the delusterant of Example 5 125 
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This yarn an testing in the Weather-Ometer 
lost 100% of its tenacity in 290 hours (Curve 
3 of the drawing), hence was but little better 
than the control yarn. 

5 . Example 12 

A nylon yarn identical with that of Example 
8, incorporated the delusterant of Example 6. 
~ " This - yarn^on= testing- ih : "a— Weather-Ometer 
lost 100% of its tenacity in 1000 hours (Curve 
10 4 of the drawing). 

Example 13 
A nylon, yarn identical with that of Example 
8, incorporated the delusterant of Example 7. 
This yarn on testing in a Weather-Ometer lost 

15 100% of its tenacity in 400 hours. 

In the light-durability test a single layer of 
the yarn was wound on a panel of non-metallic 
material, the single filaments being well separ- 
ated for convenience in removal. The panel 

20 was exposed to radiation in a standard Weather- 
Ometer. In this well-known instrument, sam- 
"ples were rnximted on "a drum revolving at r 
revolution per minute and placed 15 inches 
from a mercury arc lamp surrounded by a 

25 Pyres envelope. The enclosure was heated 
and humidified so as to maintain a panel tem- 
perature of approximately 1 10° F. and 
approximately 90% relative humidity. The test 
was distinguished from an indoor weathering 

30 test in that the yarn on the panel was not 
sprayed. Every 20 to 25 hours the test was 
interrupted to change carbon arcs and wash 
the glass envelope. Every 50 or 100 hours, the 
panel was taken out of the device and five 

35 strands of yarn removed for a determination, 
of break strength and of elongation at the 
break point. TTiese determinations were then 
compared with those determined on the unex- 
posed yarn. 

40 In outdoor exposures the same type of 
panels were used to support the yarn, but the 
sampling - interval was increased to two 
weeks. In all exposure tests, controls 
i^e^cl^ significance of- 

45 results from being obscured by changing con- 
ditions, particularly the seasonal changes cut- 
doors. The test results given herein were run 
in Wilmington, Delaware during the winter 
months. 

50 It is apparent from the foregoing specifica- 
tion that the mere combination of cerium 
oxides and titanium cxides does not result in 
a pigment which, when incorporated into a 
highly delustered nylcn yarn, gives unusual 

55 light durability. It appears to be essential in 
order to obtain marked improvement in light- 
durability to form the cerium hydroxides 
(hydrated oxides) and/cr oxides directly on 
the surface cf previously prepared titanium 

60 dioxide particles! Furthermore, the action of 
cerium oxides is unique in the beneficial effect 
on light durability" since neither titanium 
hydroxides or oxides nor aluminum hydroxides 



or oxides when similarly applied produce the 
startlingly beneficial effect. 65 

It is further demonstrated that cerium-con- 
taining calcined pigments of the prior art 
(Examples 3 and 9) did not produce the bene- 
ficial effect produced by the pigments of this 
invention, even though a chemical analysis 70 
might have led one to believe that tbe two 
types of- pigments were identical Any calcin-* 
ing treatment after precipitating the cerium 
hydroxides and/or oxides on the surface of tie 
titanium dioxide particles inactivates the 75 
cerium, destroying the capacity of the pigment 
to give improved light durability to highly 
delustered nylon yarn. It has also been shown 
that the mere mixing of the already formed 
hydroxides and/or oxides of cerium with cal- $0 
cined titanium dioxide particles does not give 
a pigment which produces the beneficial 
results of the pigment of this invention 
(Examples 4 and 10). The cerium oxide modi- 
fier must be chemically deposited in active 85 
form. . 

The titanium dioxide pigments of this inven — 
tion may have a cerium content calculated as 
cerium dioxide ranging from 0.5% up to 5% 
or even more. However, it is preferred that 90 
the cerium content fall within the range of 
0.5 to 2.0% in order to give nylon yarns of 
optimum properties. Only modest improve- 
ment in light durability is achieved by increas- 
ing the cerium content of the titanium dioxide 95 
much above 2%. At the same time in these 
higher ranges much above 2%, yarn abrasive- 
ness is undesirably increased. Tne amount of 
modified pigment used for delustering may 
range from 0.1% to 10.0% or even more of 100 
the weight of the polyamide, with 0.1% to 
5.0?o ordinarily being employed. 
• The improvement in light-durability charac- 
teristics of the highly delustered yarns of this 
invention is not obtained with similarly delus- X05 
tered yarns of all synthetic linear condensation 
polymers. For example, when a highly delus- 
tered yarn of polyethylene terephthalate was 

prepared as described in British Patent Sped- - 

ficaticn No. 578,079 it was found that anatase no 
titanium dioxide gave as good results as the 
pigment cf this invention. In these 70 denier, 
34 filament yarns, each containing 2% delus- 
terant, both* lost 25% of their tenacity in 
1,000 hours exposure in a Weather-Ometer. U5 
The pigment of this invention is believed, 
therefore, to be particularly effective with res- 
pect to polyamides. 

What we claim is: — 

1. A shaped synthetic linear polyamide 120 
structure delustered with a pigment compris- 
ing an active oxide (hydrated oxide and /or 
oxide) of cerium deposited without subsequent 
calcination on finely divided titanium oxide. 

2. A shaped synthetic linear polyamide 125 
structure delustered with a pigment compris- 
ing finely divided particles of titanium dioxide 
having from 0.5% to 5%, preferably 0.5% to 
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2% of (active cerium oxide, calculated as 
cerium dioxide, deposited directly on the sur- 
face of the particles without subsequent cal- 
cination. 

3. A shaped synthetic linear polyarnide 
structure having dispersed therein from 0.1% 
to 10.0% of a pigment comprising finely 
divided particles of titanium dioxide modified 
with an active^o^de otceriuni-deposited on the 
surface of the particles without subsequent cal- 
cination. 



4. A synthetic linear polyarnide yam delus- 
tered with from 0.1% to 5.0% of a pigment 
comprising finely divided particles of titanium 
dioxide having from 0.5% to 2.0% of active 15 
cerium oxide, calculated as cerium dioxide, 
deposited directly on the surface of the part- 
tides without subsequent calcination; 
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